Articles you may be interested in Reinvestigation of the molecular structure of gaseous beryllium borohydride BeB2H8 by electron diffraction
INTRODUCTION

I
N recent years the molecular structure of nitrogen dioxide has been the subject of numerous investigations but, aside from general agreement on a non-linear symmetrical structure with a wide bond angle and a multiplicity corresponding to only the odd electron, the conclusions have been surprisingly divergent. This is true of the dielectric constant measurements on the N02 -N 20 4 system, which have lead variously to the conclusions that both nitrogen dioxide and nitrogen tetroxide have small constant dipole moments of the order of 0.4 X 10-18 e.s. u., that of nitrogen tetroxide being the greater,I,2 and that nitrogen dioxide has a moment of this magnitude which decreases with increasing temperature while nitrogen tetroxide has a zero moment. 3 It is especially true of the bond angle and bond distance estimates and determinations, which naturally concern us directly. However, Giauque and Kemp's4 comprehensive considerations of the equilibrium measurements 5 on the dissociation of nitrogen dioxide in connection with spectroscopic data for nitric oxide,6 oxygen,7 and nitrogen dioxide rule out the suggestion of Zeise 8 that the molecule has a multiplicity of 4. This suggestion is likewise ruled out by the results of the magnetic susceptibility measurements of Havens,9 as was pointed out by Harris and King. lo From consideration of an assumed electronic structure Pauling ll predicted 1.18A for the nitrogen-oxygen distance and 140 0 for the angle O-N -0. On the assumption of a valence potential function and a frequency assignment suggested by the infrared spectrum Penney and Sutherland l2 obtained the value 114 0 for the bond angle. With a similar assumption but a slightly • I
1.15 product of the moments of inertia, from which may be obtained an equation giving corresponding values of the bond distance and bond angle. Since the accepted values for natural constants have changed significantly since Giauque and Kemp made their calculations, we have calculated the change in the value of the product of the moments of inertia which results when the revised constants l3 are usedP We find that the value of IrI213 must be revised upwards by 4.3 percent to 1.50XlO-1l6 g3 cm 6 if the vibrational assignment for nitrogen dioxide used by Penney and Sutherland l2 -the one used by Giauque and Kemp-is used; if the vibrational assignment of Herzberg l3 is used the value of IrhIa must be revised upwards 3.0 percent. (An upward revision of IrhI3 of 2.6 percent is required by the changes in the rotational and translational parts of the calculation alone.) The value of IlhI3 17 In calculating the changes in the values of the thermodynamic quantities (FO -HoO)/T of nitric oxide and oxygen it was assumed that whatever change in these values would result from changing the constants is identical with the change in the calculated result for a rigid rotator harmonic oscillator approximation, plus a 120 cm-1 doubling of all levels of nitric oxide, since the original calculations (see references 7 and 8) made use of the spectroscopically observed levels and a recalculation on that basis would be somewhat complicated. = 1.50 X to-116 g3 cm 6 is probably known to about 5 percent.
We have reinvestigated the structure of nitrogen dioxide by the electron diffraction method; we find 1.20±0.02A for the nitrogen-oxygen distance and 132±3° for the bond angle. This result together with the various results mentioned above are shown in Fig. 1 .
EXPERIMENTAL
Nitrogen dioxide was prepared by heating lead nitrate in a stream of oxygen. The gas was condensed with dry ice and then twice distilled in an atmosphere of oxygen in an all-glass apparatus.
Electron diffraction photographs were taken with the apparatus described by Brockway.I8 An all-glass high-temperature nozzle of special design shown in Fig. 2 , was used to heat the gas sample before the photographs were taken. The length of the chimney, which was heated to 140° before each exposure, was sufficient to insure that the dissociation of nitrogen tetroxide to nitrogen dioxide was complete before the gas entered the diffraction chamber. The photographs were examined on a viewing box equipped with a lamp of adjustable intensity, and, for the outer rings, two or more good photographs were superimposed. Measurements of the diffraction features were made in the usual way.
Because of the simplicity of the problem the customary radial distribution treatment was omitted and only the correlation method I9 was used in interpreting the photographs. The formula 
RESULTS
As may be seen in Fig. 3 , the character of the features of the theoretical intensity curves changes rapidly with change in bond angle. Comparison of these curves with the appearance of the photographs fixes the bond angle at 132±3°. The features at q:::55, 70, and 85 were particularly useful in fixing the bond angle. The relative heights of the components which comprise these three doublet maxima are in best agreement with the appearance of the photographs at 132°. At larger bond angles the outer components of the rings at q"'70 and 85 are too strong; at smaller bond angles the ip.ner components of the rings at q:::55 and 70 are too strong, and the outer component of the ring at q:::85 disappears.
Between seven and twenty-five measurements were made on each of the features measured by the three observers. The average values of q132° (obtained by interpolation) divided by qob •• are presented in Table I . We consider those obtained from the measurements indicated by the solid lines in Fig. 3 to be the most reliable. The averages obtained from these measurements together with those indicated by the dashed lines in Fig. 3 include features which are more difficult to measure; it is interesting that the average values of q132°/qobs. are not changed appreciably by including these measurements. The averages q/qobl. and the average deviations were calculated for the measurements of the smaller sets of features of each of the three observers for the 125°, 130°, 135°, and 140° models also. In each case there is a convincing minimum in the average deviations very near 132°, substantiating the value of the bond angle determined by the correlation treatment. Measurements on the extreme inner and outer features, indicated by dotted lines in Fig. 3 , were considered by the respective observers to be unreliable, and were not included in any averages. The averaged results of the three observers give for the nitrogen-oxygen distance 1.20A. In consideration of the average deviations shown in Table I and the uncertainty in the bond distance arising from the uncertainty in the bond angle obtained by the correlation treatment, we estimate the limit of error of the nitrogen-oxygen distance to be ±0.02A.
DISCUSSION
Our results are in fairly good agreement with the previous electron diffraction results of Maxwell and Mosley;15 we feel that ours are somewhat more accurate because we observed features at larger q values than did the previous investigators. Moreover, our results are in better agreement with the product of the moments of inertia. It is apparent that the structures derived from the spectroscopic considera tions 10 . 12 . 13 are considerably in error.
The structure found for the nitrogen dioxide molecule is in good qualitative agreement with the discussion of Pauling,ll who predicted a bond distance slightly larger than that of a nitrogenoxygen double bond, and a bond angle intermediate between 125°16', the double bond value, and 180°, corresponding to the following resonating structure for the molecule:
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